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Optical fibre probe. 



(g) A probe 1 comprises a sensor portion 5 having an outer po- 
rous hydrophobic membrane 8 (e.g. PTFE) and, within the sen- 
sor portion 5, a material 9 comprised of a hydrophobic resin 
(e.g. cross-linked polystyrene) on which is immobilised a com- 
pound having spectral characteristics sensitive to a change to 
be monitored by the probe. Optical fibre cable 2 transmits light 
from a source to the compound and back to a detector. A 
change in the parameter being monitored by the probe results 
in a spectral change in the compound which is detected by the 
detector. 
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1. - 

OPTICAL FIBRE PROBE 
This invention relates to a probe for monitoring 
a change. in a parameter of interest, e.g. a chemical 
parameter such as the nature or concentration of a 
chemical species in solution or in the gaseous phase. 

Various types of electrical probes are already 
known. These probes do however have a number of 
disadvantages. Firstly, the probes rely on the use of 
electrical signals which may be undesirable if the 
probe is to be used in an inflammable environment. 
3econdly, there may be impedance effects in the 
electrical probe which adversely affect the measurement 
being made. The problems associated witli inqpedance 
effects become particularly acirte when minituarised 
probes are required. In this case, it may be necessary 
to operate the probe within a Faraday cage to avoid 
the is^edance effects. 

It is an object of this invention to provide a 
probe which obviates or mitigates the above disadvantages. 

According to the present invention "ttiere is provided 
a probe comprising a sensor portion having an outer 
porotis hydrophobic membrane and, within the sensor 
portion, a hydrophobic resin on which is immobilised a 
compound having spect:ral characteristics sensitive to a 
change. to be. monitored by the probe, and optical fibre 
means for transmitting light to said compound and for 
transmitting light from said coii5)oiund to ^ tect any 
spectral phangei . thei:eij;i, .. 
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2. 

In use, the probe of the invention is associated 
i#ith light source and a light detector. Ught from the 
source is transmitted along the optical fibre to the 
compound (herein referred to as the indicator compound) 
having spectral characteristics sensitive to a change 
to be monitored and back from the indicator compound 
to the detector. The detector iaay be set to detect the 
intensity of light returned from the indicator compound 
at a wavelength at which the intenisity will alter when 
the spectral characteristics of - the indicator compound 
change due to a change in the system under investigation. 

The tise of hydrophobic porous meinbranes and 
hydrophobic resins are" i^^ortant features of the inventiai 
as the hydrophobicity of these materials ensures that 
interactions between the conqponents of the analyte phase, 
except the analyte spicies itself , ind ktl parts of th 
probe except for the indicating" coa^oiind or formulation 
are minimised. ' ' 

The porous membrane serves' to rJstaiii 'the resin and 
indicator compound in position and allows any chemical 
species under investigation to diffuse through to the 
indicator compound whilst inhibiting the difftislon of 
undesired particulate niattei*. Also for vapour phase or 
gaseous state determinations where the indicator 
compounds may riwiuir some d gr e of hydration and the 
membrane caii serve to riitain ioisture by virtu of its 
hydrophobicity, ' ' 

PTFE (polytetrafiuorb' thiri6M) is the pref rred 
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material for the porous hydrophobic membrane. 

The hydrophobic reain whipb serves to support and 
retain the indicator compound is .preferably a cross- 
linked polystyr^e, :particxd.?xlyr a cross-linked 
polystyrene without any chemically active groups. 
Polystyrene resins cross-lii^ked with divinyl benzene 
may be used as the resin. . Suitable resins are the 
XAD resins (produced by Rohm and Haas). Resins 
supplied in granular form are preferably ground before 
use in the probe. The use of powders enhances the 
diffuse reflection or emission characteristics at the 
interface between the opticjal .fibres and .the resin 
cCfeee below)' and -ais^ «i smaller 

: The indicator -conppi^^ is adsorbe4 on the retained 
By the hydrophobic .resin,, i.e.. the resin , immobilises 
the indicator compound. This indicator compound is at 
least one reagent which undergoes a, change in 
spectral characteristics in response to a change in 
the parameter under investigation, e.g. a change in 
the nature or concentration pf a particular chemical 
species investigation, n The spectroscopic change may 
be one of phosphorescence, fluorescence or simply 
colour change depending on the reagent used. Suitable 
indicator compounds are colorimetric indicator dyestuffs 
selected having regard to the change which the probe 
is to iaohitor. ' Bromothytaol Blue . is one example of 
such a colometriC' dyesttif f . .Bronothymol Blue is 
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yellow in acid solution and blue in alkaline solution 
and may thus be uised in a probe intended for monitoring 
pH changes. 

The ti*ansmi8Sive and receptive optical fibre means 
may be a single fibre or bundle of fibz*es arranged in 
ordered or random fashion. The use of a single fibre 
do^ however require complex instrumentation to 
separate ihe soiirce light signal from the returning 
li^t signal. In practice, it is more convenient to 
use a buzidle 'k>f fibres which Is split such that one 
half is 'comiiected to the li^t source and the other 
■to '-the ^ detector';*- - 

^ The interfao^ ^tw^en the optical fibre means and 
the resin with immobilised indicator compound may tak 
the form' of a direct and intimate contact or the optical 
fibres may be maintained at a discrete distance from 
the r^sin by sin' inert transpaz^t medium, preferably 
izidexed matched to the core material of the fibre. 

The invention i^ill be further :desc£>ibed by way of 
example <»ily with rdferehde to the accompanying drawing 
' which shows a sectional view of the s«isor of one 
embodiment of pr>obe in accordance with the invention 

The. illustrated cprQbe rJr comprises an optical fibre 
cabl 2 (including sheathing 3 and a plurality of 
individual fibr a,^^) and a sensor 5 formed as a tip for 
the probe. 1. The?,sensor 5 itself cpnrprises an outer 
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plastics tube Si one end of which is fitted over the 
end of the sheathing 3 of the ^^le 2, and an inner 
guide tube 7 one end of /^which abuts, against sheathing 
3 and the other end of which projects beyond ttibe 6. 
Provided across .the end of tube 7 is a porous FEFE 
membrane 8. Between the end of tube 7 and the membrane 
8 is a material 9 formed of a; cross-linked powdered 
polystyrene^ having immobilised thereon a reagent giving 
a spectroscopic change in response to a change in the 
p^irameter to be investigated^: The material 9 is,, as 
will be seen from the drawing, located beyond the end 

■^bf'^tube'7i ^- '■-■^ .^'V'---' • ^--i- 

r As UiustratedCia Fi^.e^/^, the cptical> fibres U are 

^in^ intiiaate 'contaattiwmi :*hfe, ;material{;9r. At their 
ends remote froffi the . sensor 54 , 'one hai^^^ the optical 
fibres 4 are conneoted to a light source (not shown) 
and the other half are connected to a detector (not 

^6wn)i =The distance vof the; light source and detector 
from the sehsor 5 may be llmitad only be optical 

^ losses in the- cable 2 so ithat the sensor 5 may at some 
distance remote from the light source and detector. 

To give an idea of size, the sensor 5 of the 
illustrated probe 1 may be of a length of about 10mm 
whereas the optical fibre cable may have a diameter of 
about 2jm. These dimensions are given purely by way 
of exaanple/ahd may uf course be different to suit 
particuiar aisplicatidsiS for -the probe 1c . Particularly, 
miniaturisation of the sensor' would. allow. use of the 
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sensor would allow use of the prob In clinical and 
other biomedical applications. 

The illustrated probe is particularly useful as a 
pH sensot* although it does have many other applications. 

For use as a pH sensor, the indicator c<xBspound may 
be BroBothymol Blue which as mentioned above is yellow 
in acid and blue in alkali. In operation, the sensor 5 
is positioned' in a solution of which the pH is to be 
investigated. The Ught source used is one emittizig red 
li^t at a wavelength of 635 nanometers and the detector 
measures the intensity of light returned from the sensor 
at this wavelength* When the solution under investigation 
is alkaline, the Br^omotkhymol reagent is blue and absorbs 

high^ pS^dpbratib^ light. Vhen the 

salution becomes . acidie:^:(:the Bromothymol reag^t becc» s 
yiellow and reflects^ a high ;prpportion of th^ incid«it red 
Igiht which lis then retransmitted ^via the fibre to the 
detector This cfaemge ;dn the spectrfil^ of 
the Brbmoth]rmol reagent is detected by ^the detector which 
thus indicates that, the solution has undergone a pH change 
from alkaline to iacid. It should at .this point be noted 
that hydrogai ion diffusion tfarot2^ the membrane 8 is 
rapid, and this is believed to be due to the fact that 
membrane 8 pi*o^ect» beyond the end of tube 7. 

The probe -may th^s be used sf imply to Indicate a 
change of pH h tween alkalinity and acidity. 
Alternatively: the. prob may previously have been 
calibrated so that the extent of th,, change in intensity 
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of the detected wavelength gives a qxaantltative 
izidi cation of the pH change. 

The probe of the invention has a number of 
significant advantages.. 

Firstly, the probe is of robust construction and 
this is advantageous iparticularly. for pH measurements 
as the use of fragile giess electrodes is avoided. 
Coupled with this, the flexibility of the optical 
, fibres allows the probe to ^be used in locatims which 
would be inaccessible with rigid glass electrodes* 

■ rS^ecpndly^ the ^sensor of the probe may be ' 
pcBitioned ^j^. % ihaz^ai^ous (e. g, inflammable) 
eaiyiroiment: jw^ . electrical instrumentation 

for the probe?:(:l-,e,sli^t source ^ detector) may be 
remote from the probe outside of the hazardous 
envircnmentf. The probe, is intrinsically safe in 
inflammable environments as no electrical signals 
pass to i the remoto isistnmientat ion. 

Thirdly, there are no adverse impendance effects 
r>esulting from the small size of the probe as mi^t 
be the case, for miniaturised electrical probes. 
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CLAIMS: 

1, A probe comprising a sensor portion having 
an outer porous hydrophobic membrane and, %<ithin the 
sensor portion, a hydrophobic resin on which is 
immobilised a compouxid having spectral characteristics 
sensitive to a change to be monitored by the probe, 
and optical fibre means for transmitting light to said 
compound and f or tranSiaitting light from said ccwnpound 
and for transmitting light from said compound to detect 
any spiectral change therein^ 

2, - A probe as claimed in claim 1 wherein the 
sensor is provided as & tip for the probe. 

5. A probe as c2jaliii^ jLn claim 2 wherein the 

( porouis membrane f diins' anEKPojJectioh at the end of the 
■ • tip.i ■ . ■ n ■ .-■ ^ r •■ - . •. 

4, " A probe as claimed in any one of claims 1 to 
5 wherean the optical fibre means are in intimate 
contact with the resin and iinmobilised compound, 

5* A probe as claimed in any' one of claims 1 to 

4 wherein the membrane is of pblytetrafluoroethylene. 

6. A probe as claimed in any one of claims 1 to 

5 wherein the resin is used in powdered form. 

7. A probe as claimed in any one of claims 1 to 

6 wherein the hydrophobic resin is a cross-linked 
polystyrene. 

8. A probe "as claimed in claim 7 wherein the 
resin has substantially no chemically active functional 
groups. 
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9. 

9. A probe as claimed in claim 7 or 8 wherein 
the polystyrene is cross-lixiked with divinyl benzene* 

10* A probe as claimed in any one of claims 1 to 
9 therein the immobilised compoiind is a colorimetric 
reagent, 

114 A probe as claimed in claim 10 wherein the 
immobilised bompoimd is Bromothymol Blue* 
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